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Lacrosse is one of the only sports that provides an equal opportunity for possession after a
stoppage of play. Subsequently, winning a faceoff is a key component of success for the sport. As
faceoff specialization increases in the sport of men’s lacrosse, players are looking for any advantage
they can gain, often modifying elements of their sticks to best suit the faceoff procedure. This study
looked at the implications of modifying the geometry of the shaft to increase the torque generated
during the faceoff, using the most common faceoff clamping technique. The study found that three
of the four geometric modifications yielded a statistically significant increase in torque generated
during the faceoff. The method that generated the highest increase in torque was also deemed the

















In the sport of lacrosse, at the start of each game, quarter, and after each subsequent goal, a
faceoff is conducted between players of opposing teams to gain possession of the ball. Differing
from many popular sports such as football, soccer, and basketball, this gives the scoring team an
equal opportunity at the next possession. Teams that are able to take advantage of this opportunity
will often see success through their seasons, as faceoff wins lead to more scoring opportunities. In
the past five years of Division I Men’s Lacrosse, 64 percent of teams that were ranked in the top
five for faceoff wins also qualified for the postseason tournament. Each year, the team with the
highest win percentage qualified.1
As this advantage has become apparent, many teams have increased specialization in the area
of faceoffs, often having multiple players used specifically for faceoffs. Over the past 5 years, 338
high school players have committed to Division I schools alone as faceoff specialists.2
The specialization within this position and the clear advantages gained from faceoff success
provide an opportunity to develop equipment that creates a competitive advantage.
Background
In men’s lacrosse, the technique for faceoffs involves two players with their sticks on the
ground, and the ball is placed between the heads of their sticks. The official placing the ball
backs away, and blows the whistle to start the play. The positioning of the players is shown in
Figure 1.
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Figure 1: Two players engaged in taking a faceoff
Players engaging in faceoffs most commonly grip their stick in a “motorcycle” fashion, where
both wrists are rotated forward as they fight for possession of the ball. Figure 2 shows the upper
hand position of the motorcycle grip.
Figure 2: The motorcycle style grip utilizes the wrists rotating forward onto the ball at the whistle
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The motorcycle grip is commonly used for clamping the ball underneath the head of the stick,
thus giving the player control of the ball. Gaining control of the ball involves a combination of
speed and power over the opponent.
Through the past few years, there have been various changes regarding faceoff procedures in
NCAA men’s lacrosse. The changes most relevant to this study occurred in 2013, where a rule
was enacted to prevent the players from grabbing or touching the plastic of their head during a
faceoff.3 Additionally, the initial proposition of rule changes in 2013 included the banning of the
“motorcycle grip” for faceoffs, but was not enacted after the rules committee received feedback
from the lacrosse community. Players are also prohibited from covering the plastic of their head
with tape, and they must have tape of a contrasting color to their head applied to the shaft.4
US Patent Application 20090011874A1, filed on May 29, 2008, outlines a lacrosse head having
an ergonomic throat attachment, shown below in Figure 3.
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Figure 3: Figure 9 of the patent application filed by Paul Gait shows an ergonomic throat on a
lacrosse head
In 2008, Gait Lacrosse introduced the Gait Nuclear head, with a similar ergonomic grip to
the patent application filed by Paul Gait.5 The head was not designed and marketed specifically
towards the faceoff motion, however, as it was intended to give a player carrying the ball better
control of the stick.6
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Figure 4: Gait Nuclear head
With the aforementioned rule changes, however, this design has been classified as an illegal
head for use in play, as the hand contact on the head is no longer allowed. The patent application
has since been abandoned, and the Gait Lacrosse company closed its doors in 2015.
Epoch Lacrosse LLC introduced the Dragonfly F30 shaft in 2014 designed with increased focus
on faceoff mechanics.7 The shape of the shaft was designed to maximize hand contact with the
shaft to increase torque during a faceoff. As of March 23, 2018, Epoch Lacrosse LLC has not filed
for, nor does it own any patents related to lacrosse shaft design.
Objectives
This project aims to develop modifications to the geometry of the shaft near the throat of the
stick that will increase clamp strength in a effort to improve a player’s ability to win faceoffs.
This will be quantified by measuring the torque generated by the subjects’ clamping action. The
clamp is the most popular technique for faceoff players and increasing torque on the head may
allow players to gain an advantage in a situation where slight differences can lead to changes in
the outcome.
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The participants will test various grips that are installed on the shaft to record their torque gen-
eration from the “motorcycle” grip, and compare them to the torque generation of an unmodified
shaft.
As the ball is placed directly between the heads of the stick near the throats, the focus of this
project will be on the torque generation, as the ball is taken control of by the back of the stick as
it is placed for the faceoff. The considerations for axial movement and forces were not considered
due to the mechanism and positioning of the ball during the faceoff, which can be viewed in Figure
5.
Figure 5: Positioning of the sticks and ball for the faceoff4
Materials
Shaft modifications are 3D printed for easy modification and low-cost production for this study.
Each modification is printed at 0.2mm layer height and 100% infill for strength.
Rule 1, Section 17 “Crosse-Dimensions” of the 2017-18 NCAA Men’s Lacrosse rule book,
“The circumference of the crosse handle shall be not more than 31
2
inches and the handle must be
relatively straight.4” Each grip modification is modeled to maintain compliance with this circum-
ference rule and are 3 inches in length to allow for adequate contact with the palm of the player’s
hand.
9
(a) Grip profile for 0 and 180 degree orientation
(b) Grip profile for 90 and 270 degree orientation
Figure 6: Dimensioned (inches) profiles of each grip modification
Figures 6a and 6b above show the two profiles of the grip modifications. Each profile’s outer
diameter is under 31
2
inches to maintain compliance with the rule book.
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Each grip is attached to the shaft by wrapping it in athletic tape that is commonly used by
players. Rule 4-3.b.15 states “a single wrap on thin tape must be applied to the handle of the cross
for any player taking a faceoff.4” This rule was instated to make it easier for the officials to ensure
that a player is not touching the plastic of the head, as it contrasts the color.
Figure 7: Grips attached to shaft section for testing
The shaft sections used for the study are cut from a Gait Ice shaft and are 10 inches long. To
interface with the torque meter, torque wrench socket adapters are epoxied into the ends of the
shaft.
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Figure 8: Socket adapter epoxied into the end of the shaft section
The torque meter used is a BikeMaster 1
4
inch drive digital torque adapter. The adapter is
capable of measuring a range of 6-30 Newton-Meters.
Figure 9: BikeMaster 1
4
inch drive torque adapter
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Methods
Participants were pooled from the UVM Men’s Club Lacrosse team on a volunteer basis. Each
participant crouched in their faceoff position to operate the testing apparatus. They began with the
unmodified shaft and applied their torque to the apparatus five times following the procedure listed
in Rule 4 Section 3, following the cadence of “Set. Go.4” The participant applies their torque as
they hear “Go.”
The participants are to crouch in the proper position for faceoffs as pictured in Figure 10.
Figure 10: Crouched position for faceoff
Each grip modification is tested five separate times by each participant. The orientations are as
shown in Figures 6a and 6b, along with flipping them vertically and horizontally, respectively.
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Statistical Methods
Collection of data for the participants occurred between March 16-23, 2018. There were seven
participants, with 35 data points per participant.
Power analysis utilizing the sample size guidelines developed by Jacob Cohen dictate that for
a power value of 0.8 and a Cohen’s d value of 0.8, the required sample size is 26.8 The full chart
can be found in Appendix A2.
Cohen’s d value is calculated using the difference in means between each group and dividing
it by the pooled standard deviation between the two. The equation used for calculating the values













Per the statistical method, a value of 0.8 or greater is considered to be a large effect, greater
than 0.5 is a medium effect, and greater than 0.2 is considered a small effect.8
Each of the grip orientations are analyzed using this criteria to determine which have the largest
effect on the torque generation.
Results
Table 1 below shows the results of the average torque readings for each orientation, including
the control group.
No Grip 0◦ 90◦ 180◦ 270◦
7.97 9.79 10.44 9.12 8.49
Table 1: Average torque outputs for each orientation (Newton-Meters)
From those means, the standard deviations, pooled standard deviations, and Cohen’s d values
are shown below in Table 2. The pooled standard deviations utilize the standard deviation for the
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control trials of 1.327 Newton-Meters.
Modification 0◦ 90◦ 180◦ 270◦
σ 1.778 0.769 1.369 1.049
σpooled 1.498 0.980 1.265 1.101
Cohen’s d 1.219 2.530 0.915 0.472
Table 2: Intermediate values used to calculate effect size for each modification
Of the four modifications, three modifications resulted in a large effect and the other resulted
in a d-value in the medium effect range, which could not be accurately concluded given the sample
size of this experiment.
Conclusions
There are an infinite number of profiles that could be designed to meet the specifications out-
lined in rule book, but this study focused only on two elements to make the design more ergonomic.
The modification that had the largest effect was the 90◦ orientation, which was most consis-
tently referred to as the most natural and comfortable positioning throughout the trials. Modifying
the shaft geometry has a statistically significant effect on the amount of torque generated by the
clamping motion. The 90◦ modification resulted in the largest effect, followed by the 0◦ modifica-
tion and the 180◦ modification.
The results clearly show that geometric modifications to the shaft result in increased torque
generation during the faceoff. In order to incorporate these modifications into commercial lacrosse
sticks, the design of a shaft would also have to consider the ways that the stick is held outside of
the faceoff, as most of a player’s time is spent outside of the faceoff position.
Future Work
Now that the effect is known, future work could produce and distribute shafts with the mod-
ifications prepared for player use in game and practice scenarios. Through video analysis and
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keeping statistics of a player’s win percentage, it could be found how the modification would per-
form in a practical application. The researchers would have to be able to identify when the player
utilizes the clamp method during the faceoff, as there are various moves that a player can utilize to
win the faceoff.
In a final product, the modification would be integrated into the shaft rather than existing as a
separate piece to the shaft. The shaft profile would not need to be modified, but the modification
could be added and have the shaft graphic applied over top of it to integrate as a single piece.
Though different players use different heads for facing off, market research may be able to indicate
a specific head that would be best to integrate it’s throat profile into the top of the modification so
it would sit flush.
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Appendices
A1: Raw Data Table
Figure 11: Raw data table of all 7 participants
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A2: Sample Size Determination
Sample Size Required of a Two-Sample t Test to Achieve a Given Level of Power for a Given
Effect Size and Alpha of .05
Small Effect Medium Effect Large Effect
Power d = .2 d = .5 d = .8
.25 84 14 6
.50 193 32 13
.60 246 40 16
.70 310 50 20
.80 393 64 26
.90 526 85 34
.95 651 105 42
.99 920 148 58
Table 3: Developed from Cohen (1977)8
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